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INTRODUCTION
This report presents data for soil-water samples that were collected by the U.S. Geological Survey (USGS) from three watersheds in Shenandoah National Park, Virginia, as part of the interagency Water-Quality Partnership Program with the National Park Service. As part of this partnership, which began in 1998, USGS is performing high-priority water-quality work on National Park lands. The soil-water data presented in this report can be used to support water-quality modeling of the response of streams to episodic acidification. The soil-water samples were analyzed for specific conductance and concentrations of sodium, potassium, calcium, magnesium, ammonium, chloride, nitrate, sulfate, acid-neutralizing capacity, silica, and total monomeric aluminum.
Purpose and scope
The purpose of this report is to present data on the chemical composition of soil-water samples that were collected approximately quarterly from three watersheds in Shenandoah National Park, Virginia, from September 1999 through July 2000. The instrumentation and methods used to collect soil-water samples and the methods and quality assurance for laboratory analyses of the samples are described. Locations of the lysimeter sites, laboratory methods, quality-assurance results, and data from the water-quality analyses of the soil-water samples are presented in tables.
Description of study area
Shenandoah National Park is located in the Blue Ridge Physiographic Province in north-central Virginia. The Park straddles the crest of the Blue Ridge Mountains along a 112-km segment stretching from Front Royal in the north to Waynesboro in the south (Gathright, II, 1976) . Three watersheds that represent a gradient in acidity of streamwater were selected for this study. The three streams, from most acidic to least acidic, are Paine Run, Staunton River, and Piney River ( fig. 1 ). The respective watershed areas are 12. 4 
COLLECTION AND ANALYSIS OF SAMPLES
Soil-water samples were collected from the three watersheds approximately quarterly, starting in September 1999 and ending in July 2000. Lysimeters were installed during the summer of 1999. The lysimeters were allowed to equilibrate to the soil environment before the first samples were collected in September 1999. Additional samples were collected in January, April, and July 2000.
Instrumentation of field collection sites
Soil-water samples were collected by use of Soilmoisture Equipment Corp. suction lysimeters installed at three sites in each of the watersheds (table 1, at end of report). Lysimeters consisted of 4.8-cm-diameter polyvinylchloride (PVC) tubes with a 5.7-cm-long, round-bottom, porous ceramic cup at the base. A Tygon sample-collection tube extended from the porous cup through a neoprene stopper at the top of each PVC tube. Sample-collection tubes were sealed with plastic pinch clamps. The porous ceramic cups had a 2-bar air entry and a maximum pore size of 1.3 µm.
At each site, three lysimeters were installed vertically at depths of approximately 36, 66, and 97 cm below land surface. Holes for the lysimeters were dug with hand augers, and rocks were removed by loosening with trowels, picks, and by hand. The porous-cup ends of the lysimeters were soaked in deionized water for several weeks prior to field installation and were kept submerged in the field until the lysimeters were transferred to the holes. Once the lysimeter was placed in the hole, the void space around the porous cup was backfilled with the native soil that was removed from the hole. Care was taken to tamp the soil down firmly around the porous ceramic cup to ensure an adequate soil contact with the cup. The rest of the hole was backfilled with native soil, which also was tamped firmly to prevent surface water from running down the augured hole.
Field data-collection methods
Approximately one week prior to sampling, a visit to the sites was made to place a vacuum on each lysimeter. The vacuum was created by pumping a handheld vacuum pump until the suction value no longer changed, as indicated by a gauge on the pump. Average vacuum achieved upon pumping was 70 centibars. The vacuum drew water from the soil matrix through the ceramic cup and into the lysimeter. Approximately one week after the vacuum was placed on the lysimeter, the soil-water sample was drawn to the surface through the sample tube by use of a hand pump and into a clear 250-mL high-density polyethylene collection bottle. Prior to collecting the sample, the collection bottles were washed with detergent and acid (2 normal hydrochloric acid) and rinsed multiple times with deionized water. The cleanliness of the bottle was checked by partially filling the bottle with deionized water, shaking, and testing the specific conductance of the deionized water. The bottles were considered clean when the specific conductance of the rinse water was less than 1.3 µS/cm. The bottles were stored filled with deionized water. At the collection site, the deionized water was discarded and the sample bottle was rinsed with sample water, which was discarded before the rest of the sample was collected. Samples were transported in coolers with refrigerant to the laboratory.
Laboratory-analysis methods and instrumentation
In the laboratory, 0.5 mL of chloroform was added to the sample bottles to prevent microbial degradation of the samples. The unfiltered samples were analyzed for specific conductance (SC), sodium (Na + ), potassium (K + ), calcium (Ca 2+ ), magnesium (Mg 2+ ), ammonium (NH 4 + ), chloride (Cl − ), nitrate (NO 3 − ), sulfate (SO 4 2− ), acid-neutralizing capacity (ANC), silica (SiO 2 ), and total monomeric aluminum (Al) (McAvoy and others, 1992). All samples were kept at room temperature until chemical analysis was performed.
Analyses were conducted at the University of Virginia Shenandoah Watershed Study (SWAS) Laboratory, using instrumentation and methods summarized in table 2, at end of report. More detailed methods descriptions and the Standard Operation Procedure document for the SWAS laboratory are in the Laboratory Procedure Manual (University of Virginia, 1996) .
Quality assurance and quality control
Quality-assurance and quality-control information for analysis of soil-water samples by the SWAS laboratory was determined by calculation of percent ion difference; analyses of natural-and syntheticmatrix reference samples, laboratory split samples, and process blanks; and by participation in interlaboratory quality-assurance studies.
Percent ion differences were calculated for soilwater samples for which sufficient sample was available; these were calculated by comparing measured total anion and cation equivalents (eq) (all decimal places retained), as follows:
A percent ion difference close to zero generally indicates a complete ion analysis. Most of the soilwater samples have percent ion differences within 10 percent (table 3, at end of report). All but one of the samples has an excess of cations. A percent ion difference greater than 10 percent indicates the presence of unmeasured ions; in this study, the unmeasured ions likely are organic anions, which were not analyzed.
Natural-(FN09 and FN10) and synthetic-matrix (EPA1) reference samples also were analyzed for quality-assurance purposes. Reference samples FN09 and FN10 are performance-evaluation samples distributed and used as a part of the U.S. Environmental Protection Agency's Episode Response Project (USEPA ERP). Reference sample EPA1 is distributed by the USEPA Environmental Monitoring and Support Laboratory (Cincinnati, Ohio). Results of these analyses by the SWAS laboratory during the period July 1998 through June 1999 and comparisons to the target values are shown in tables 4 and 5 (at end of report).
Reference-sample values obtained by the SWAS laboratory were compared to the target values provided by the USEPA as an indication of accuracy (percent difference from target in tables 4 and 5). On the basis of the three reference samples, the accuracy of the laboratory results for Na + , K + , Ca 2+ , Mg 2+ , NH 4 + , Cl − , SO 4 2− , and SiO 2 in the soil-water samples is acceptable, because the percent difference from the target value is, at most, 8. 3 − and Al were considered, the accuracy of the laboratory for these two analytes might be in question. Other indications of the laboratory's accuracy, however, are given by the results for FN10 (table 4) and EPA1 (table 5) , as well as by results of interlaboratory quality-assurance studies (discussed later in the report). The acceptable performance of the laboratory for these analytes in FN10 indicates that the concentration of the two analytes in FN09 possibly has changed by degradation or alteration since collection and distribution of the reference samples by the USEPA ERP, which reported the target values in 1989.
Laboratory-split samples and process blanks also were analyzed for quality-assurance purposes. Results of laboratory-split analyses of selected soil-water samples are shown in table 6 (at end of report). Values obtained for laboratory-split analyses can be compared as an indication of analytical precision. The percent difference between analyses performed on split samples varied from a minimum of 0 to a maximum of 7.2. This indicates that the precision of analyses is acceptable. Results of process-blank analyses are shown in table 7 (at end of report). These results are one indication of whether analyte concentrations in the soil-water samples could have been compromised by collection, transport, storage, or analysis methods. The mean values for each analyte of the process-blank samples are near or below the minimum analytical detection limit (table 7) . This demonstrates that there is no processing effect on the concentrations reported for the soil-water samples.
The SWAS laboratory also participates in interlaboratory quality-assurance studies administered by Environment Canada's National Water Research Institute (NWRI). Environmental programs in both the United States and Canada participate in these studies, which are designed for laboratories analyzing acid rain and surface waters. The purpose of these studies is to provide a useful means of quantifying laboratory performance and data quality. The report for each study includes an assessment of any systematic bias and indicates any results flagged as a result of poor precision. Each study consists of 10 samples, which are analyzed by the SWAS laboratory by the same means as the environmental samples. The quality-assurance samples usually are included in laboratory analysis sessions along with environmental samples. The analytical results are then reported to the NWRI. Results of analypercent ion difference = sum of anion eq -sum of cation eq sum of anion eq + sum of cation eq
ses of the quality-assurance samples by the SWAS laboratory for the period 1994 through 2000 are shown in table 8 (at end of report).
WATER-QUALITY DATA OF SOIL-WATER SAMPLES
Water-quality data of soil-water samples collected from Paine Run watershed are shown in table 9; data from Staunton River watershed are shown in table 10; and data from Piney River watershed are shown in table 11 (tables 9-11 at end of report). Table 8 . Results for National Water Research Institute interlaboratory quality-assurance studies [A, acceptable; N, no results; 1, although no results are flagged, ranking indicates a slight bias low; 2, although no results are flagged, ranking indicates a slight bias low; after these results were submitted, the ion chromatography column used for chloride analyses was replaced; 3, acceptable, except for high on 1 out of 10 samples; 4, although no results are flagged, ranking indicates a slight bias high; 5, flagged very high on 1 out of 10 samples, due to a calculation error made after analysis; 6, 2 out of 10 samples flagged: one extremely low, one low; 7, 2 out of 10 samples flagged: both very low; 8, flagged extremely low on 1 out of 10 samples; SC, specific conductance; Na + , sodium; K + , potassium; Ca 2+ Lysimeters sampled 01/11/2000 Lysimeters sampled 04/28/2000 
TABLES 1-11
Lysimeters sampled 07/28/2000 
